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(57)Abstract: 

PROBLEM TO BE SOLVED: To develop a method for growing a single 
crystal for which silicon carbide powder is used as a raw material, which 
is free from the occurrence of void defects called micropipes T and which 
is almost free of screw dislocation and is of high-quality. 
SOLUTION: The crystal is grown by a growing method for a silicon 
carbide single crystal where, in an inert atmosphere and under the 
condition that pressure is in the range of 100-300 Torr, a raw material is 
heated to 2,200-2,300° C that is 30-100° C lower than the raw 
material, and the growing speed of the single crystal substrate is 
adjusted to <70 |im/h. The crystal is also grown by a growing method for 
a silicon carbide single crystal where, in an inert atmosphere, an initially 
grown layer is formed while the initial temperature of the crystal 
substrate is made 2,250-2,350° C and a growing pressure is made 100- 
300 Torr, and then the crystal is grown while the substrate temperature 
and the growing pressure are decreased gradually and finally to 2,200- 
2.250° C and 1-20 Torr respectively. 




mm 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 

examiners decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision 
of rejection] 

[Date of extinction of right] 



http://www19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAA_gaOTrD A414284599P1.htm 



2005/12/19 



Searching PAJ 2/2 ^— v 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAA_gaOTrDA41 4284599P1 .htm 



2005/12/19 



JP,2002-284599,A [CLAIMS] 
* NOTICES * 



1/1 ^— v 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The growth approach of the silicon carbide monocrystal characterized by heating [ a pressure ] 2250- 
2400 degrees C and the seed crystal substrate of silicon carbide for a silicon carbide powder raw material under 
the certain condition within the limits of 13.3-40kPa at 2200-2300 degrees C lower 30-100 degrees C than the 
temperature of a silicon carbide powder raw material, and adjusting and growing up the growth rate of a brown 
coal-ized silicon single crystal into 70 or less micrometer/h in an inert atmosphere. 

[Claim 2] The growth approach of the silicon carbide monocrystal characterized by growing up silicon carbide 
monocrystal, reducing substrate temperature and a growth pressure gradually finally to the growth pressure 0.13 
- 2.7kPa, and the substrate temperature of 2200-2250 degrees C in an inert atmosphere after forming 2250- 
2350 degrees C for the seed crystal substrate temperature of early silicon carbide and forming an initial growth 
phase for a growth pressure as 1 3.3-40kPa. 

[Claim 3] The growth approach of silicon carbide monocrystal according to claim 2 that initial growth layer 
thickness is 70-300 micrometers. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention carries out crystal growth of the silicon carbide monocrystal used 
for high pressure-proofing, a large power semiconductor device, etc. by the sublimating method, it relates to the 
crystal growth approach for growing up especially a high quality single crystal. 
[0002] 

[Description of the Prior Art] Silicon carbide has a high heat transfer coefficient and a low dielectric constant, 
thermally and chemically, it is an ingredient with the description that an energy band gap is stably large, and is 
compared with other semiconductor materials and can use them also under an elevated temperature as an 
usable environmental-proof component ingredient, a radiation-proof component ingredient, the power component 
ingredient for power control, and a short wavelength light emitting device ingredient. Moreover, the device using 
this is expected to be what can operate under the environment of the radiation consistency higher than the 
device manufactured from semiconductor materials by which current use is carried out, such as silicon (Si), 
which is high temperature. As an approach of manufacturing this silicon carbide monocrystal, the method of 
sublimating under an elevated temperature is usually used by using silicon carbide powder as a raw material. 
[0003] In manufacture by the method of sublimating silicon carbide monocrystal, the crucible which installed the 
seed crystal substrate filled up with silicon carbide raw material powder in the inert gas ambient atmosphere is 
decompressed, and the temperature up of the whole equipment is carried out to 1800-2400 degrees C. In 
connection with a temperature up, steams, such as Si which contributes to crystal growth, Si2C, and SiC2, SiC, 
will occur from coal-for-coke-making-ized silicon, and it will float in the end crater which piles the particle of 
the impurity contained in a raw material etc. at coincidence, a crystalline active jamming particle, etc. When 
these impurity particle etc. adheres to the single crystal front face on which the seed crystal substrate which 
was made to counter the coal-for-coke-making-ized silicon layer in a crucible, and was formed grows, the 
crystal which grows epitaxial as a single crystal is told that they are generating of a micro pipe and the cause of 
a crystal rearrangement 

[0004] On the other hand, although fabrication is performed by grinding, washing, the chemical treatment, etc. in 
order to produce a seed crystal substrate from silicon carbide monocrystal, in this seed crystal substrate front 
face, disturbance, such as a deterioration layer produced at the time of processing, remains. Since silicon 
carbide is chemically stable, this damaged layer is difficult for there to be no suitable etchant and to remove. For 
this reason, by the usual sublimating method, many crystal defects, such as a micro pipe and screw dislocation, 
occur from a seed crystal substrate front face. Moreover, by the conventional sublimating method, in order that 
a crystal might grow according to spontaneous nucleation, control of the form of a crystal and the crystal face 
became difficult. 

[0005] After growing up the crystal of high quality under the growth pressure of dozens kPa(s) in early stages of 
growth, the pressure is dwindled to 0.13-1.3kPa, and it is made to grow up, in order to solve this (JP,59- 
35099,A). Moreover, the reduced pressure approach by two or more steps is proposed as an approach of 
dwindling a pressure in JP,1 1-60390.A as this improvement patent The crystal defect which originates in seed 
crystal by the approach of stopping low these initial rates of crystal growth of growth was controlled, the initial 
growth phase was made into quality silicon carbide monocrystal, and the quality improvement of a crystal which 
grows after it is measured. 

[0006] However, although the crystal with any approach quality in early stages of late growth of a growth rate is 
obtained, when a pressure is made low and a growth rate is gathered, crystal defects, such as screw dislocation, 
are occurring. Moreover, probably because crystal skin temperature changes with crystal growth, the degree of 
supersaturation on the front face of growth changes similarly, it does not become stable crystal growth but a 
crystal defect and a polymorphism are easy to be intermingled for this reason in connection with this 
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disturbance. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention uses silicon carbide powder as a raw material, does 
not have generating of the defect of the shape of a cavity called a micro pipe, and aims at development of the 
growth approach of very few quality single crystals of screw dislocation. 
[0008] 

[Means for Solving the Problem] This invention [1] In an inert atmosphere, a pressure is set under the certain 
condition within the limits of 13.3-40kPa. A silicon carbide powder raw material 2250 degrees C - 2400 degrees 
C, The seed crystal substrate of silicon carbide is heated at 2200-2300 degrees C lower 30-100 degrees C than 
the temperature of a silicon carbide powder raw material. And the growth approach of the silicon carbide 
monocrystal characterized by adjusting and growing up the growth rate of silicon carbide monocrystal into 70 or 
less micrometer/h [2] In an inert atmosphere After forming 2250-2350 degrees C for the seed crystal substrate 
temperature of early silicon carbide and forming an initial growth phase for a growth pressure as 13.3-40kPa, 
Finally substrate temperature and a growth pressure Growth pressure 0.13-2.7kPa, The growth approach of the 
silicon carbide monocrystal characterized by growing up silicon carbide monocrystal, reducing gradually to the 
substrate temperature of 2200-2250 degrees C, And [3] The above-mentioned technical problem was solved by 
developing the growth approach of silicon carbide monocrystal according to claim 2 that initial growth layer 
thickness is 70-300 micrometers. 
[0009] 

[Embodiment of the Invention] As equipment used for growth of the silicon carbide monocrystal of this invention, 
it is kept warm with a heat insulator, for example in a vacuum housing, and the crucible made from a graphite 
whose heating was enabled by the RF etc. from the exterior is used. Heating apparatus mainly heats the crucible 
base filled up with silicon carbide raw material powder, and it is formed so that the seed crystal substrate and 
heat gradient of silicon carbide which were prepared in the top surface lower part which countered it can be 
adjusted. 

[0010] In order to prevent the pyrolysis of silicon carbide on the occasion of crystal growth, the ambient 
atmosphere in a crucible needs to carry out under inert gas ambient atmospheres, such as an argon and helium. 
It is gas by which it saw from the point of cost and effectiveness, and the argon balanced most After setting a 
raw material and seed crystal, the ambient atmosphere in a crucible is made into a vacuum once nearly 
completely, it is replied up with a high grade argon up to dozens kPa(s) next, if still more nearly required, will 
repeat this and will make it an inert atmosphere by adjusting to the pressure of the ambient atmosphere which 
needs by performing inert gas replacement enough. 

[0011] A silicon carbide powder raw material has the desirable thing of a high grade with a natural thing, in order 
to create the silicon carbide monocrystal of high quality. Since impurities contained in coal-for-coke-making- 
ized silicon with the sublimation gas of a silicon carbide raw material in a raw material when there are many 
impurities, such as Fe and Ti, and the active jamming minute particle which, in addition to this, bars the crystal 
growth of high quality will carry out abundant suspension into a crucible, although crystal form is not asked, it is 
desirable that it is the silicon carbide of a high grade. 

[0012] As indicated previously, the silicon carbide substrate used as a seed crystal substrate needs to produce 
from silicon carbide monocrystal. The silicon carbide monocrystal of the high quality of the crystal form to need 
is cut and ground, and it considers as a configuration required as seed crystal. Subsequently, by washing by the 
hydrofluoric acid, in order to remove the deterioration layer in which crystal form including the disturbance by 
cutting and polish in a front face was confused as much as possible (for example, after heat concentrated 
sulfuric acid's washing, and the mixture of aqueous ammonia and a hydrogen peroxide washing subsequently, 
washing by deionized water and annealing at an about 1 200-degree C elevated temperature under an oxygen 
ambient atmosphere in order to remove an oxide film), disturbance is removed and it considers as seed crystal. 
Since disturbance is not completely removed yet even if such, it is necessary to consider as the conditions 
[ like ] which erase such disturbance in initial growth (it is made small). 

[0013] While a growth rate becomes large so that the seed crystal substrate heating unit of silicon carbide 
generally makes growth temperature high in 2200 degrees C or more, the inclination of an increment also has 
generating of the cavity-like defect of a crystal, and generation of screw dislocation, but even if it becomes 2200 
degrees C or less, the phenomenon of control of generating of a cavity-like defect or generation of screw 
dislocation does not appear so clearly so much. Therefore, when taking productivity into consideration, it is 
desirable to make seed crystal substrate heating unit temperature of silicon carbide into 2200 degrees C or 
more. 

[001 4] As for the growth rate of a single crystal, a growth rate becomes large, so that growth temperature is 
high. Moreover, a growth rate becomes large, so that the pressure of an ambient atmosphere is low. The grace of 
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a crystal falls, so that a growth rate is large still more generally. 

[0015] In invention of the above [1], it is the approach of adjusting a growth rate to 70 or less micrometer/hr, 
and growing up silicon carbide monocrystal, under a pressure 13.3 - 40kPa, the silicon carbide powder raw 
material temperature of 2250-2400 degrees C, and the fixed condition that held the seed crystal substrate of 
silicon carbide to temperature lower 30-100 degrees C than this. Even when growing up this single crystal and 
the disturbance of the some of seed crystal remains, the silicon carbide monocrystal of high quality can be 
manufactured. In addition, since the growth rate of a single crystal cannot be measured directly, it needs to 
carry out measuring of the relation of a pressure and temperature beforehand, and to adjust to a predetermined 
growth rate. 

[0016] In the growth approach of the silicon carbide monocrystal invention the above [2] the seed crystal 
substrate temperature of early silicon carbide 2250-2350 degrees C, It is an initial growth phase (about 70-300 
micrometers as thickness) considering a pressure as 13.3-40kPa. After forming 100-200 micrometers preferably, 
finally temperature and a pressure Pressure 0.13-2.7kPa, When growing up a crystal, reducing gradually to the 
substrate temperature of 2200-2250 degrees C, control of generating of a cavity-like defect and generation of 
screw dislocation can be pressed down greatly, and can manufacture the single crystal of high quality. 
[0017] Especially in invention of the above [2] of this invention, when carrying out [ cm ] the temperature 
gradient between the silicon carbide raw material heating unit in a growth process, and the seed crystal heating 
unit of silicon carbide in about 20-60 degrees C /, since there is no generating of a micro pipe that a growth 
rate is large in a surprising thing and generating of a crystal rearrangement can be decreased greatly, it is a 
desirable temperature gradient Consequently, it became possible to manufacture the silicon carbide monocrystal 
of high quality as it is also at a comparatively large growth rate. 

[0018] In growth of silicon carbide monocrystal, when maintaining an elevated temperature 2200 degrees C or 
more lower [ temperature / of silicon carbide / seed crystal substrate ] 30-100 degrees C than silicon carbide 
raw material temperature, the surface migration of the raw material molecule adhering to a substrate front face 
becomes active, and the part into which it not only controls unnecessary secondary karyogenesis, but 
sublimation recrystallization of a single crystal substrate front face also became active, and the front face was in 
disorder is reconfigurated. The crystal defect represented by the screw dislocation conventionally generated 
from the single crystal substrate front face according to these operations is controlled. It is necessary to set a 
surrounding pressure to 13.3 or more kPas so that a degree of supersaturation may not become excessive, and 
it is necessary to make it 70 or less micrometer/h as a growth rate at this time. Moreover, after forming an 
initial growth phase, in making a growth rate into hundreds micrometer/h, it lowers a surrounding pressure 
gradually. At this time, the temperature on the front face of a crystal becomes high in connection with crystal 
growth. When temperature becomes high too much, a sublimation operation of a crystal front face becomes 
strong, and a crystal receives a damage. The defect generated during a crystal can be controlled by 
decompressing to coincidence, adjusting seed single crystal substrate temperature, in order to ease this. There 
is no generating of the defect of the shape of a cavity called the micro pipe which had hundreds of number 10- 
piece [/cm ] 2 by this, and screw dislocation is also reduced from 2 sharply [ cm ] 103-104 pieces /to 2 cm by 
105-106 pieces /. 
[0019] 

[Example] (Example 1) An example of the crystal growth equipment by this invention is shown in drawing 1 . The 
end crater which gets bore a depth of 95mm of 50mm which consists of a graphite was filled up with silicon 
carbide raw material powder (Showa Denko # 240) so that it might become in height of 60mm. the crucible lid 
inferior surface of tongue made from a graphite — Rayleigh — it was created by law — about 1 cm, the 6H- 
silicon carbide monocrystal of 2 was stuck as a seed crystal substrate (0.5mm in a 6H-silicon-carbide- 
monocrystal (Si) side, the diameter of 10mm, thickness), and was held. This lid has been arranged to crucible 
opening and this graphite crucible was set to the coil in a package highHrequency-heating furnace with the heat 
insulator. After being filled up with the reaction within the pipe one reduced pressure-back to 6.7x1 0-7kPa from 
gas exhaust 8 and being filled up with argon gas from the inert gas inlet 7 to ordinary pressure, again, from gas 
exhaust, it decompressed to 6.7x1 0-7kPa, and the air within between reactions was driven out And a 
temperature up is carried out until it is again filled up with argon gas from an inert gas inlet to 93kPa(s) and 
becomes 2200 degrees C about 2250 degrees C and seed crystal substrate temperature in silicon carbide 
powder raw material temperature. 

[0020] From the blasting-fumes exhaust port, gas was discharged, where the argon ambient pressure force is 
decompressed to 13.3kPa(s), silicon carbide monocrystal was grown up for 72 hours, and silicon carbide 
monocrystal with a die length of 3mm was obtained as a growth phase. Growth rates were 3mm / 72h**40 
micrometer/h. In this case, that difference was 50 degrees C at the substrate temperature of 2200 degrees C, 
and the raw material temperature of 2250 degrees C, and since spacing of a raw material powder side and a seed 
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crystal substrate was set to 2.5cm f the temperature gradient was 20 degrees C/cm. To the growth direction, 
perpendicularly, mirror polishing was carried out, and cutting and when it observed with the transparency 
polarization microscope, the micro pipe had not generated this crystal. Moreover, when it dipped in the 500- 
degree C melting KOH for 10 minutes and etch pit observation was carried out, the quality crystal 
[ consistency / etch pit ] 4x103 pieces /2 was obtained cm. Moreover, it checked that the polymorphism crystal 
was not intermingled according to an X diffraction. 

[0021] (Example 2) In the example 1, after being again filled up with argon gas from the inert gas inlet to 93kPa 
(s), condition adjustment was performed to the silicon carbide powder raw material temperature of 2400 degrees 
C, the seed crystal substrate temperature of 2300 degrees C, and growth pressure 13.3kPa as growth conditions 
for an initial growth phase, and crystal growth was performed on the condition for 3 hours. Growth was 
performed for 20 hours, reducing substrate temperature and a pressure gradually, discharging gas from the 
blasting-fumes exhaust port. Final substrate temperature was 2200 degrees C (silicon carbide powder raw 
material temperature of 2300 degrees C), and growth pressures were 0.13kPa(s). Nitrogen gas is mixed in a 
growth controlled atmosphere in the place to which it began to change substrate temperature and a pressure, a 
silicon carbide crystal is colored, and the location which changed understood growth conditions. 
[0022] Consequently, in initial growth, silicon carbide monocrystal with a die length of about 200 micrometers 
was obtained. Growth rates are 200 micrometers / 3h= about 67 micrometer/h. Moreover, since it begins to 
have reduced substrate temperature and a growth pressure, the 2.8mm single crystal was grown up in 20 hours. 
Average growth rates were 2.8mm / 20h=140 micrometer/h. Moreover, the difference of the substrate 
temperature in this case and raw material temperature was 100 degrees C, and since spacing between a raw 
material and seed crystal was set to 2.5cm, the temperature gradient was 40 degrees C/cm. To the growth 
direction, perpendicularly, mirror polishing was carried out, and cutting and when it observed with the 
transparency polarization microscope, the micro pipe had not generated this crystal. Moreover, when it dipped in 
the 500-degree C melting KOH for 10 minutes and etch pit observation was carried out, the quality crystal 
[ consistency / etch pit ] 6x103 pieces /2 was obtained cm. Moreover, it checked that dislocation density was 
small also in an X-ray topogrph. 
[0023] 

[Effect of the Invention] Also in the inside of crystal growth, without being influenced by this invention by the 
turbulence and dirt of a crystal which exist in a seed crystal substrate front face, it becomes possible to 
continue stable growth and crystal defects, such as a rearrangement in a growth process, become is hard to be 
introduced into silicon carbide monocrystal. Thereby by the former, the cavity-like defect of generating of a 
micro pipe called a micro pipe is lost from dozens in this invention to hundreds of pieces /having occurred two 
times cm. Moreover, 105-106 defects [ 103-104 / /] /which influence the semiconductor device property called 
screw dislocation are also improvable [ to 2 ] from 2 cm cm by defect density. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the equipment used for the example. 
[Drawing 2] TOPOGURAFU of the growth crystal by this invention. 
[Drawing 3] TOPOGURAFU of the growth crystal by the conventional method. 
[Description of Notations] 

1 Vacuum Housing 

2 Heat Insulator 

3 High Frequency Coil 

4 Growth Crystal 

5 Silicon Carbide Raw Material Powder 

6 Graphite Crucible 

7 Gas Inlet 

8 Gas Exhaust 

9 Radiation Thermometer 
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